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© An electric four-wheel steering system according 
to the present invention comprises a rear wheel 
output shaft for applying a steering angle associated 
with a quantity of displacement in the axial direction 
to rear wheels, a first electric motor, a first speed 
reducer placed between the first electric motor and 
the rear wheel output shaft to displace the rear 
wheel output shaft in the axial direction when the 
first electric motor conducts, a second electric mo- 
tor, a second speed reducer placed between the 
second electric motor and rear wheel output shaft to 
displace the rear wheel output shaft in the axial 



direction when the second electric motor conducts, 
and a control for controlling the first and second 
electric motors and allowing the electric motors to 
displace the rear wheel output shaft in the axial 
direction. In the first and second speed reducers, 
reverse transmission efficiency or efficiency in trans- 
mitting the movement of the rear wheel output shaft 
to the first and second electric motors is lower than 
forward transmission efficiency or efficiency in trans- 
mitting the rotations of the first and second electric 
motors to the rear wheel output shaft. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an electric 
four-wheel steering system serving as a steering 
system for an automobile that steers rear wheels 
as well as front wheels to change the route of an 
automobile, and thus realizes a reduced turning 
radius and consistent running stability. 

Related Background Art 

A four-wheel steering system for moving rear 
wheels as well as front wheels in association with 
manipulation of a steering wheel has become pop- 
ular in recent years. Thanks to the four-wheel 
steering system, the turning radius of an auto- 
mobile is diminished so that a route can be 
changed smoothly even in a narrow track, and 
running stability is ensured even when a route is 
changed during high-speed running. 

Studies have been made on a four-wheel steer- 
ing system in which rear wheels is steered in 
association with front wheels, and an electric motor 
is employed to apply an appropriate steering angle 
to the rear wheels according to the values of var- 
ious parameters affecting vehicle speed and turn- 
ing performance. 

For example, the present inventor invented an 
electric four-wheel steering system shown in Fig- 
ures 5 and 6 (Japanese Patent Application Laid- 
Open No. 4-118377). In the electric four-wheel 
steering system according to the previous inven- 
tion, only when the running speed of a vehicle is 
relatively low, an electric motor is used to apply a 
steering angle to the rear wheels. When a route is 
changed during high-speed running, a steering an- 
gle is applied to the rear wheels according to a 
centrifugal force or using a so-called compliance 
steering mechanism. 

In the electric four-wheel steering system ac- 
cording to the previous invention, the movement of 
a steering wheel 1 in front of a driver's seat is 
transmitted to a steering gear 3 via a steering shaft 
2. Then, a front wheel output shaft 4 is displaced in 
the axial direction (sideways in Figure 5). Then, an 
intended steering angle is applied to front wheels 6 
via a pair of right and left knuckle arms 5 coupled 
to the ends of the front wheel output shaft 4. 

A steering column 7 in which the steering shaft 
2 lies is supporting steering angle sensors 8. 
Based on a rotation angle of the steering shaft 2 
the steering angle sensors 8 sense, a steering 
angle applied to the front wheels 6 is detected. 
Two steering angle sensors, the steering angle 
sensors 8, are installed as a fail-safe precaution so 
that even when one of the steering angle sensors 8 
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fails, intended control can be passed. 

A housing 10 for storing a steering angle ap- 
plication mechanism for applying a steering angle 
to rear wheels 9 is resting on the floor of the back 
5 of a vehicle. Herein, the housing 10 cannot be 
displaced in the cross direction of the vehicle 
(sideways in Figure 5 or 6). In the housing 10, a 
rear wheel output shaft 11 runs laterally (in the 
cross direction of the vehicle). The rear wheel 
w output shaft 11 moves in the axial direction 
(sideways in Figure 5 or 6) to apply a steering 
angle to the rear wheels 9. The right and left ends 
of the rear wheel output shaft 11 and the rear 
wheels 9 are joined using knuckle arms 13. 

15 When the rear wheel output shaft 1 1 moves in 

the axial direction, the rear wheels 9 swivel with 
steering centers 14 as centers. Thus, a steering . 
angle associated with a quantity of displacement of 
the rear wheel output shaft 11 is applied to the rear 

20 wheels 9. The steering centers 14 of the rear 
wheels 9 are separated by a distance I from points 
of application of force 12 of the rear wheels 9 
(centers of contact surfaces between the bottoms 
of tires and the ground) backward (lower part of 

25 Figure 5) in the advancing direction of the vehicle 
(up in Figure 5). 

. On the other hand, a rack 15 is formed on the 
central portion of the rear wheel output shaft 11 
that is encased in the housing 10. In the central 

30 area of the housing 10, a transmission axis 16 is 
held to rotate freely at a skew position with respect 
to the rear wheel output shaft 11. A pinion 17 is 
fixed at. one end of the transmission axis 1 6 (upper 
part of Figure 5 or 6), and engaged with the rack 

35 15. A worm wheel 18 is fixed at the other end of 
the transmission axis 16 (bottom of Figure 5 or 6). 

An output axis 20 is rotated via an electromag- 
netic clutch 31 by a rotation drive axis (not shown) 
of an electric motor 19 fixed on the outer surface of 

ao the housing 10. A worm 21 is mounted on the 
output axis 20, and engaged with the worm wheel . 
18. Thus, a reduction mechanism is formed. There- 
by, when the output axis 20 rotates, the rear wheel 
output shaft 11 is displaced in the axial direction. 

45 . Electric parts including the electric motor 19 are 
energized by a battery that is not shown. 

The foregoing reduction mechanism has re- 
versibility in the direction of transmitting power. 
With the rotation of the output axis 20, the rear 

so wheel output shaft 11 is displaced in the axial 
direction. Then, with the displacement of the rear 
wheel output shaft 11, the output axis 20 is rotated. 
However, the reverse transmission efficiency of the 
reduction mechanism is suppressed low, so that 

55 when a steering angle applied to the rear wheels 9 
must be retained intact, a load resulting from com- 
pression of a centering spring 25 will not be im- 
posed on the electric motor 19 as it is. The electric 

3 
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motor 1 9 is provided with an encoder 32 for detect- 
ing the quantity of rotation of the electric motor 19. 
Then, the detected value is supplied to a control 24 
to be described later. 

At an end of the transmission axis 16, two 
displacement sensors 22 such as encoders or po- 
tentiometers are mounted to detect the quantity of 
displacement of the rear wheel output shaft 1 1 via 
the transmission axis 16. Detected signals sent 
from the two displacement sensors 22 are supplied 
to the control 24 for controlling power supply to the 
electric motor 19 together with detected signals 
sent from the steering angle sensors 8 and a 
detected signal sent from a speed sensor 23 for 
detecting a vehicle speed. Two displacement sen- 
sors, the displacement sensors 22, are provided as 
a fail-safe precaution. 

The control 24 connects the electromagnetic 
clutch 31 only when the running speed of a vehicle 
the speed sensor 23 detects is less than a certain 
value (for example, 40 km/h). According to the 
signals sent from the steering angle sensors 8 and 
speed sensor 23, the control 24 allows the electric 
motor 19 to apply a steering angle to the rear 
wheels 9. At this time, power supply to the electric 
motor 19 is controlled based on the signal sent 
from the encoder 32. The displacement sensors 22 
mounted at the end of the transmission axis 16 
detect the steering angle actually applied to the 
rear wheels 9, then supply the detected value to 
the control 24. 

The rear wheel output shaft 11 lies in the 
housing 10 fixed on a car body in such a manner 
that the rear wheel output shaft 11 can be dis- 
placed freely though slightly in the axial direction 
(sideways in Figure 5 or 6) and retain elasticity. 
More specifically, pedestals 26 are mounted to be 
paired at an interval on the central portion of the 
rear wheel output shaft 11, so that the -rear wheel 
output shaft 11 can move freely in the axial direc- 
tion. In the space enclosed with the inner surfaces 
of the pedestals 26, a centering spring 25 is in- 
stalled. The centering spring 25 is elastic enough 
to return the rear wheel output shaft 1 1 to the 
neutral position in the event of breakdown of the 
electric motor 19. 

The inner circumferential surface of the hous- 
ing 1 0 is stepped to form steps 27 to be paired at 
an interval. The outer surfaces of the paired pedes- 
tals 26 on the sides of their outer circumferences 
are opposed to the steps 27. Paired stop, rings 28 
are mounted on the outer circumferential surface of 
the central portion of the rear wheel output shaft 1 1 
to enclose the pair of pedestals 26. The pair of 
stop rings 28 restrict the movements of the pedes- 
tals along the rear wheel output shaft 1 1 . Further- 
more, disk springs 29 are placed between the outer 
surfaces of the paired stop rings 28, and the steps 



27 and stop rings 28. 

An elasticity required for crushing the disk 
springs 29 completely is designed to be smaller 
than that required for compressing the centering 

5 spring 25. When the rear wheel output shaft 11 is 
displaced with respect to the housing 10 according 
to a straight line a in Figure 7, the disk springs 29 
are displaced (crushed). After either of the disk 
springs (located on the distal side in the displacing 

w direction) crushes completely, the centering spring 
25 starts compressing between the pair of pedes- 
tals 26 in such a manner as indicated with a 
straight line b in Figure 7. However, a spring load 
occurring when the disk springs 29 compress fully 

75 is designed to be a bit larger than a maximum 
lateral load F MAX that is presumably applied to the 
rear wheel output shaft 11 according to a centri- 
fugal force occurring in the presumed operation 
state. 

20 In an electric four-wheel steering system of the 

previous invention having the aforesaid configura- 
tion, when a vehicle runs at a lower speed than a 
certain speed (for example, 40 km/h), a control 24 
controls power supply to an electric motor 19 ac- 

25 cording to the signals sent from steering angle 
sensors 8 and a speed sensor 23, and applies an 
intended steering angle to rear wheels 9 if neces- 
sary. At this time, an electromagnetic clutch 31 is 
energized to remain connected. 

30 To be more specific, when a vehicle runs at a 

low or medium speed, a steering angle that is 180° 
out-of-phase with that of front wheels 6 is applied 
to rear wheels 9 in order to improve turning effi- 
ciency of the vehicle. The steering angle applied to 

35 the rear wheels 9 is made smaller as the speed 
increases as indicated with a solid line c in Figure 
8. In this case, the steering angle applied to the 
rear wheels 9 is detected by displacement sensors 
22 installed at one end of a transmission axis 16. 

40 The detected values are supplied to a control 24. 
Using the two displacement sensors 22, a fail-safe 
precaution is attained. 

The steering angle ratio whose values are plot- 
ted on the y axis in Figure 8 represents a ratio of 

45 the steering angle R to be applied to rear wheels to 
the steering angle 0F (0R/8F). A larger absolute 
value results in a larger steering angle applied to 
the rear wheels. In a state represented as a domain 
above the x axis, the steering angle of front wheels 

so is in phase with that of rear wheels. In a state 
represented as a domain below the x axis, the 
steering angle of front wheels is 180* out-of-phase 
with that of rear wheels. 

On the other hand, when a vehicle runs at a 

55 speed exceeding the certain speed (40 km/h), the 
electromagnetic clutch 31 is de-energized and thus 
disconnected. Thereby, despite what signals are 
sent from the steering angle sensors 8 and speed 
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sensor 23, the control 24 will not control the steer- 
ing angle of the rear wheels 9. The electric motor 
19 may also be de-energized if necessary. 

Thus, when a vehicle runs at a speed exceed- 
ing a certain speed, if the route is changed, a 
steering angle in phase with that of front wheels 6 
is applied to rear wheels according to a centrifugal 
force. Thus, the vehicle remains stable even when 
the route is changed. 

For example, when the front wheels 6 are dis- 
placed in the arrow a direction with the manipula- 
tion of a steering wheel 1 , a centrifugal force occur- 
ring when the route of a vehicle is changed causes 
the rear wheels 9 to swing rightward. The friction 
between the rear wheels and the road produces a 
lateral force F indicated with an arrow £ in Figure 5 
that is applied to the rear wheels 9. The force F is 
applied to a contact surface between the rear 
wheels 9 and the road or a vertical surface contain- 
ing points of application of force 12 of the rear 
wheels 9. On the other hand, steering centers 14 of 
the rear wheels 9 are separated by a distance I 
from the points of application of force 12 backward 
in the advancing direction of the vehicle. Therefore, 
the rear wheels 9 are steered in the arrow y 
direction of Figure 5 with a moment of F by 1. 

When the rear wheels 9 are thus steered in the 
arrow -/direction, a rear wheel output shaft 11 
moves in the axial direction to compress one of 
disk springs 29 (left disk spring in Figure 5 or 6). 
Therefore, a steering angle to be applied to the 
rear wheels 9 is held at a value at which a force 
applied in the axial direction of the rear wheel 
output shaft 11 according to the lateral force F is 
balanced with a force applied to the rear wheel 
output shaft 11 with compression of the disk spring 
29. 

Therefore, when the vehicle speed exceeds a 
certain value, a steering angle to be applied to the 
rear wheels 9 is, as indicated with a dashed line d 
in Figure 8, in phase with that of the front wheels 6. 
In this case, the degree of a steering angle applied 
to the rear wheels 9 depends on the quantity of a 
lateral force F applied to the rear wheels 9 accord- 
ing to a centrifugal force occurring when the ve- 
hicle changes the route, but has no direct relation 
(has large indirect relation, though) to the vehicle 
speed or the degree of a steering angle applied to 
the front wheels 6. 

A quantity of compressing disk springs 29 is 
limited. Therefore, an excess steering angle will not 
be applied to rear wheels 9. Thus, when a vehicle 
is running at a high speed, an electric motor 19 
never applies a steering angle to the rear wheels 9. 
Only a physical force results in applying a steering 
angle to the rear wheels 9. Only a simple mecha- 
nism is required to de-energize an electromagnetic 
clutch 31 and the electric motor 19 when the 
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vehicle speed exceeds a certain value. The mecha- 
nism can be designed to provide satisfactory re- 
liability. Moreover, a fail-safe operation included in 
the mechanism will be very simple and highly 

5 reliable. 

When an electric four-wheel steering system 
for applying a steering angle to rear wheels using 
an electric motor as well as an electric four-wheel 
steering system of prior art that is configured and 

10 operates as described above is incorporated in an 
automobile in practice, the points below must be 
renovated. 

What is required to achieve as the first renova- 
tion is to eliminate a centering spring 25. The 

75 centering spring incorporated as a fail-safe precau- 
tion has a large elasticity that causes a rear wheel 
output shaft 11 to return to the neutral position, 
even if an electric motor 19 breaks down. There- 
fore, the electric motor 19 must produce a large 

20 force to displace the rear wheel output shaft 11 
even during normal operation. This results in in- 
creases in the size of the electric motor 19 and in 
current consumption. 

To solve the above problems, a fail-safe struc- 

25 ture must be realized so that if the electric motor 
breaks down, the rear wheel output shaft 11 is 
returned to the neutral position without using the 
centering spring 25. 

The second renovation is to prevent the rear 

30 wheel output shaft 1 1 from moving abruptly in the 
event that the electric motor 19 fails. That is to say, 
when the electric motor 19 runs abnormally (rotates 
abruptly) for some reason such as a short circuit, 
the rear wheel output shaft 11 moves while com- 

35 pressing the centering spring 25, and thus applies 
a steering angle to rear wheels 9. In reality, dis- 
placement sensors 22 detect abnormal displace- 
ment, then a control 24 de-energizes the electric 
motor 19 by cutting off the power supply. An 

40 excess steering angle that may put a driver in 
jeopardy will not be applied to the rear wheels 9. 
However, an unfavorable steering angle may be 
applied to the rear wheels 9 for a very short period 
of time, though, before the electric motor 19 stops. 

45 When an electric four-wheel steering system 

for applying a steering angle to rear wheels using 
an electric motor as well as an electric four-wheel 
steering system of prior art that is configured and 
operates as described above is incorporated in an 

so automobile in practice, more safety precautions 
must be taken. That is to say, an electric four- 
wheel steering system that has been proposed in 
the past, as shown in Figure 9, has only one 
system of a control circuit for controlling a steering 

55 angle to be applied to rear wheels 9. 

A rear wheel output shaft 11 moves while com- 
pressing a centering spring 25, and thus applies a 
steering angle to rear wheels 9. When an electric 

5 
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motor 19 runs abnormally (rotates abruptly) for 
some reason such as a short circuit in reality, 
displacement sensors 22 detect the abnormal dis- 
placement, then a control 24 de-energizes the elec- 
tric motor 19 by cutting off the power supply. 
Therefore, an excess steering angle that may put a 
driver in jeopardy will not be applied to the rear 
wheels 9. However, an unfavorable steering angle 
may be applied to the rear wheels 9 for very short 
period of time, though, before the electric motor 1 9 
stops. 

When an electric four-wheel steering system 
for applying a steering angle to rear wheels using 
an electric motor as well as an electric four-wheel 
steering system of prior art that is configured and 
operates as described above is incorporated in an 
automobile in practice, practicability must be fur- 
ther improved for the points below. 

In an electric four-wheel steering system hav- 
ing the structure of the prior art, when a steering 
angle is applied to front wheels 6, a steering angle 
associated with the steering angle applied to the 
front wheels 6 is applied to rear wheels 9 irrelative 
to the capacity of a battery. 

An electric motor 19 for applying a steering 
angle to the rear wheels 9 consumes a consider- 
ably large amount of current. Therefore, if a steer- 
ing angle is applied to the rear wheels 9 despite 
the insufficient capacity of a battery, the decrease 
in the capacity of the battery is accelerated. When 
the vehicle restarts after a halt, a self-starting motor 
cannot be driven. This cripples smooth driving of a 
car. 

In a structure without a centering spring unlike 
the structure of the prior art, when a battery is 
exhausted with a steering angle applied to rear 
wheels, the steering angle may remain applied to 
the rear wheels. 

In designing an electric four-wheel steering 
system, efforts must be made to enable rear 
wheels to return to their neutral positions (a steer- 
ing angle is not applied to the rear wheels) in case 
of failure or breakdown, then to reassure the same 
driving performance as an automobile in which a 
normal two-wheel steering system is incorporated. 
Japanese Patent Application Laid-open No. 61- 
163064, for example, proposes a structure in which 
if an abnormality occurs in any of components of a 
four-wheel steering system, an electric motor op- 
erates to return rear wheels to their neutral posi- 
tions. 

In the prior art described in conjunction with 
Figure 5, a rear wheel output shaft applies a steer- 
ing angle associated with a quantity of displace- 
ment in the axial direction to rear wheels, and a 
centering spring incorporated has elasticity orient- 
ed in the direction of returning the rear wheel 
output shaft to the neutral position. In the event of 
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failure or breakdown, the rear wheel output shaft is 
reset to the neutral position owing to the elasticity 
of the centering spring, and thus the steering angle 
applied to the rear wheels is canceled. 

s In the foregoing structure for canceling a steer- 

ing angle applied to rear wheels in the event of 
failure or breakdown, if an electric motor is used to 
return the rear wheels to their neutral positions, 
when the power supply of the electric motor fails, 

io the rear wheels cannot be returned to their neutral 
positions. The structure is incomplete as a safety 
device. 

In a structure for canceling a steering angle 
applied to rear wheels using elasticity of a center- 

75 ing spring, when a steering angle is applied to the 
rear wheels during normal operation (when failure 
does not occur), a steering angle must be applied 
to the rear wheels by pressing the centering spring 
and thus displacing a rear wheel output shaft. 

20 When a steering angle is applied to the rear 
wheels, a required force becomes larger than that 
required for applying a steering angle directly to 
rear wheels. This results in a large-scale actuator 
for steering rear wheels. High power consumption 

25 ensues. 

Furthermore, an electric four-wheel steering 
system is subjected to a time lag equivalent to. the 
time required for pressing a centering spring after 
an electric motor starts conducting and before a 

30 rear wheel output shaft starts moving. Without a 
large-scale electric motor, a steering angle cannot 
be applied to rear wheels in time with the changing 
driving situation of a vehicle. 

The above description is based on an electric 

35 four-wheel steering system in which a motor-driven 
actuator is employed to apply a steering angle to 
rear wheels. A hydraulic four-wheel steering sys- 
tem in which a hydraulic actuator is used to apply 
a steering angle to rear wheels has the same 

40 drawbacks. That is to say, unless a centering 
spring is incorporated, when a hydraulic circuit 
fails, a steering angle applied to the rear wheels 
cannot be canceled. The incorporation of the cen- 
tering spring, however, causes an instantaneous 

45 time lag in applying a steering angle to rear 
wheels. 

SUMMARY OF THE INVENTION 

50 The object of the present invention is to pro- 

vide an electric four-wheel steering system that will 
not displace a rear wheel output shaft when an 
electric motor runs abnormally. 

Other object of the present invention is to pro- 
55 vide an electric four-wheel steering system for pre- 
venting an electric motor from running abnormally. 

Other object of the present invention is to pro- 
vide an electric four-wheel steering system for pre- 
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venting battery exhaustion. 

Other object of the present invention is to pro- 
vide an electric four-wheel steering system for re- 
setting a rear wheel output shaft to the neutral 
position without using a centering spring. 

An electric four-wheel steering system accord- 
ing to the present invention comprises a rear wheel 
output shaft for applying a steering angle asso- 
ciated with a quantity of displacement in the axial 
direction to rear wheels, a first electric motor, a first 
speed reducer placed between the first electric 
motor and the rear wheel output shaft to displace 
the rear wheel output shaft in the axial direction 
when the first electric motor conducts, a second 
electric motor, a second speed reducer placed 
between the second electric motor and the rear 
wheel output shaft to displace the rear wheel out- 
put shaft in the axial direction when the second 
electric motor conducts, and a control for control- 
ling the first and second electric motors, and allow- 
ing the electric motors to displace the rear wheel 
output shaft in the axial direction. In the first and 
second speed reducers, reverse transmission effi- 
ciency or efficiency in transmitting the movement 
of the rear wheel output shaft to the first and 
second electric motors is lower than forward trans- 
mission efficiency or efficiency in transmitting the 
rotations of the first and second electric motors to 
the rear wheel output shaft. 

In an electric four-wheel steering system of the 
present invention having the foregoing configura- 
tion, when a steering angle is applied to rear 
wheels, a control energizes first and second elec- 
tric motors, allows the first and second electric 
motors to displace a rear wheel output shaft in the 
axial direction using first and second speed reduc- 
ers, and thus applies a steering angle to the rear 
wheels. 

When a steering angle is applied to the rear 
wheels, if any of the electric motors fails, other 
electric motor is used to return the rear wheel 
output shaft to the neutral position. Thus, the steer- 
ing angle applied to the rear wheels can be can- 
celed. Furthermore, a centering spring need not be 
incorporated in the rear wheel output shaft. Alter- 
natively, a centering spring with weak elasticity will 
do. The first and second electric motors need not 
provide very large outputs. 

Even if any of the electric motors runs abnor- 
mally, the rear wheel output shaft will not be dis- 
placed abruptly. More specifically, even if any of 
the electric motors runs abnormally, as far. as other 
electric motor is operating normally, a speed re- 
ducer having low reverse transmission efficiency 
will not cause the rear wheel output shaft to move. 
Consequently, the rear wheel output shaft will not 
apply a steering angle to the rear wheels abruptly. 

An electric four-wheel steering system of the 
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present invention comprises sensors for detecting 
factors that affect the degree of a steering angle to 
be applied to rear wheels, a control for inputting 
the signals from the sensors and outputting control 
5 signals, and motor-driven actuators for applying a 
steering angle to the rear wheels according to the 
control signals. Herein, the control includes multiple 
control parameter calculating means arranged in 
parallel to receive signals from the sensors and 

w calculate the control signals, and a comparing and 
selecting means for comparing the control signals 
sent from the control parameter calculating means, 
and sending the control signals to the motor-driven 
actuators only when the control signals have the 

15 same data. 

In an electric four-wheel steering system of the 
present invention, multiple motor-driven actuators 
are incorporated. Only when the multiple motor- 
driven actuators operate similarly, a steering angle 

20 is applied to rear wheels. 

Moreover, an electric four-wheel steering sys- 
tem of the present invention comprises at least two 
systems of factor sensors for detecting factors that 
affect the degree of a steering, angle to be applied 

25 to rear wheels, at least three systems of rear wheel 
steering angle sensors for detecting a steering an- 
gle applied to the rear wheels, at least two systems 
of controls for inputting the signals sent from the 
different systems of factor sensors and rear wheel 

30 steering angle sensors, and multiple motor-driven 
actuators for applying a steering angle to the rear 
wheels according to the control signals sent from 
the controls. When any of the controls fails, other 
system of control that does not fail is used to 

35 return the rear wheels to the neutral positions. 

Any of electric four-wheel steering systems of 
the present invention having the aforesaid configu- 
rations can prevent a motor-driven actuator formed 
with an electric motor from running abnormally. 

40 Thereby, a rear wheel output shaft will not be 
displaced abruptly. Consequently, a steering angle 
will not be applied to rear wheels abruptly. 

In an electric four-wheel steering system of the 
present invention, if any of motor-driven actuators 

45 runs abnormally because of a short circuit on a 
power supply circuit for supplying power to the 
motor-driven actuator or an unpreventable failure in 
a control, as far as other motor-driven actuator is 
operating normally, a rear wheel output shaft will 

so not move. This results in improved safety. 

An electric four-wheel steering system of the 
present invention comprises, similarly to a conven- 
tional electric four-wheel steering system described 
previously, a front wheel steering angle sensor for 

55 detecting a steering angle applied to front wheels, 
a control for calculating a steering angle to be 
applied to rear wheels according to a signal sent 
from the front wheel steering angle sensor and 

7 
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outputting a command signal according to the re- 
sult of the calculation, a motor-driven actuator for 
applying a steering angle to the rear wheels ac- 
cording to the command signal, and a battery for 
supplying power to the motor-driven actuator. 5 

Moreover, the electric four-wheel steering sys- 
tem of the present invention has a supply voltage 
detecting means for detecting the voltage of the 
battery, and provides the control with the detected 
signal the supply voltage detecting means pro- 10 
vides. Then, the control assesses the signal repre- 
senting the voltage of the battery sent from the 
supply voltage detecting means. Then, if the volt- 
age is high, the control enables application of a 
large steering angle to the rear wheels. If the 75 
voltage is slightly low, the control enables applica- 
tion of only a small steering angle to the rear 
wheels. If the voltage is low, the control disables 
application of a steering angle to the rear wheels. 

In the electric four-wheel steering system of 20 
the present invention having the foregoing configu- 
ration, when the voltage of the battery is low, a 
small steering angle is applied to the rear wheels 
or no steering angle is applied to the rear wheels. 
Thus, battery exhaustion is prevented. 25 

A four-wheel steering system of the present 
invention comprises, like a four-wheel steering sys- 
tem that has been known or proposed in the past, 
a rear wheel output shaft for applying a steering 
angle associated with a quantity of displacement in 30 
the axial direction to rear wheels and actuators for 
displacing the rear wheel output shaft in the axial 
direction. 

The four-wheel steering system of the present 
invention further comprises first and second un- 35 
idirectional clutching mechanisms whose permis- 
sible displacement directions are reverse, first and 
second canceling mechanisms for deactivating the 
first and second unidirectional clutching mecha- 
nisms, and a control for controlling the actuators, 40 
and the first and second canceling mechanisms. 

The first unidirectional clutching mechanism is 
placed between the rear wheel output shaft and 
stationary section. When the rear wheel output 
shaft deviates in one direction from the neutral 45 
position, the first unidirectional clutching mecha- 
nism allows the rear wheel output shaft to move 
towards the neutral position but hinders it from 
moving in one direction from the neutral position. 
The first canceling mechanism deactivates the first 50 
unidirectional clutching mechanism to allow the 
rear wheel output shaft to move freely. 

The second unidirectional clutching mechanism 
is placed between the rear wheel output shaft and 
stationary section. When the rear wheel output 55 
shaft deviates in the other direction from the neu- 
tral position, the second unidirectional clutching 
mechanism allows the rear wheel output shaft to 



move towards the neutral position but hinders it 
from moving in the other direction from the neutral 
position. Then, the second canceling mechanism 
deactivates the second unidirectional clutching 
mechanism to allow the rear wheel output shaft to 
move freely. 

The control activates the first and second can- 
celing mechanisms during normal operation so that 
the first and second clutching mechanisms will not 
hinder displacement of the rear wheel output shaft. 
When something abnormal occurs, the control de- 
activates the first and second canceling mecha- 
nisms so that the first and second unidirectional 
clutching mechanisms will restrict displacement of 
the rear wheel output shaft. 

In the four-wheel steering system of the 
present invention having the foregoing configura- 
tion, when a steering angle is applied to the rear 
wheels, the control activates the first and second 
canceling mechanisms but deactivates the first and 
second unidirectionai clutching mechanisms. As a 
result, the rear wheel output shaft can move freely 
within a whole stroke without being hindered by the 
first and second unidirectional clutching mecha- 
nisms. 

In the above state, when the control energizes 
the actuator and displaces the rear wheel output 
shaft in the axial direction according to the running 
state of a vehicle, an appropriate steering angle is 
applied to the rear wheels. 

If any of components fails, when the actuator 
that applies a steering angle to the rear wheels 
during normal operation fails to resolve the steering 
angle applied to the rear wheels, the control deacti- 
vates the first and second canceling mechanisms 
and activates the first and second unidirectional 
clutching mechanisms. 

When the first and second unidirectional 
clutching mechanisms are activated, the rear wheel 
output shaft can move freely towards the neutral 
position. More specifically, when the rear wheel 
output shaft deviates in one direction from the 
neutral position, the first unidirectional clutching 
mechanism operates to allow the rear wheel output 
shaft to move only towards the neutral position. 
Then, moving in the other direction beyond the 
neutral position is hindered by the second unidirec- 
tional clutching mechanism. When the rear wheel 
output shaft deviates in the other direction from the 
neural position, the second unidirectional clutching 
mechanism operates to allow the rear wheel output 
shaft to move only towards the neutral position. 
Then, moving in one direction beyond the neutral 
position is hindered by the first unidirectional 
clutching mechanism. 

When the rear wheel output shaft deviates in 
either direction, the first and second unidirectional 
clutching mechanisms allow the rear wheel output 
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shaft to move towards the neutral position. There- 
fore, if failure occurs, a steering angle applied to 
rear wheels is canceled and the rear wheels are 
put in a state in which no steering angle is applied. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a plan view of a main section show- 
ing the first embodiment of the present inven- 
tion; 

Figure 2 is a plan view of a main section show- 
ing the second embodiment of the present in- 
vention; 

Figure 3 is a plan view of a main section show- 
ing the third embodiment of the present inven- 
tion; 

Figure 4 is a plan view of a main section show- 
ing an accessory used in forming an electric 
four-wheel steering system of the present inven- 
tion; 

Figure 5 is a cross-sectional plan view of part of 
an electric four-wheel steering system of prior 
art; 

Figure 6 is an enlarged diagram of a second A 
of Figure 5; 

Figure 7 shows the relationship between the 
quantity of displacement in the axia! direction of 
a rear wheel output shaft and the spring load 
applied in the axial direction of the rear wheel 
output shaft; 

Figure 8 shows the relationship between the 
vehicle speed and steering angle ratio; 
Figure 9 is a block diagram showing a control 
circuit of the electric four-wheel steering system 
of prior art; 

Figure 10 is a block diagram showing a control 
circuit in other embodiment of the present in- 
vention; 

Figure 11 is a plan view of a main section 
showing an example of a specific configuration 
of a section to which a steering angle is applied; 
Figure 12 is a block diagram showing a control 
circuit in other embodiment of the present in- 
vention; 

Figure 13 is a flowchart showing an example of 
the operations of an electric four-wheel steering 
system of the present invention; 
Figure 14 shows the first example of the rela- 
tionship between the voltage of a battery and 
the steering angle limit; 

Figure 15 shows the second example of the 
relationship between the voltage of a battery and 
the steering angle limit; 

Figure 16 is a plan view of a main section 
showing an embodiment of the present invention 
in a state in which a steering angle is not 
applied to rear wheels; 

Figure 1 7 is an enlarged diagram of a section A 



of Figure 16; 

Figure 18 is an enlarged diagram of the section 
A in a state in which a steering angle is applied 
to the rear wheels; and 
5 Figure 19 is an enlarged diagram of the section 

A in a state in which the rear wheels are re- 
turned to their neutral positions when failure 
occurs. 

io DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Figure 1 shows an embodiment of the present 
invention. In a cylindrical case 33 resting on the 

75 floor of an automobile, a rear wheel output shaft 1 1 
lies with a sliding bearing 34 involved so that the 
rear wheel output shaft 11 can move freely in the 
axial direction (sideways in Figure 1). Ends of cou- 
pling rods 36 are connected to the ends of the rear 

20 wheel output shaft 1 1 via universal joints 35. The 
other ends of the coupling rods 36 are connected 
to the distal ends of rear wheel steering knuckles. 
Thus, with displacement of the rear wheel output 
shaft 11, a steering angle associated with the quan- 

25 tity of displacement is applied to right and left rear 
wheels. 

By the sides of the case 33, a first electric 
motor 37a and a second electric motor 37b are 
stationed in such a manner that the output axes 

30 38a and 38b of the electric motors 37a and 37b will 
be in parallel with the center axis of the case 33. At 
the distal ends of the output axes 38a and 38b, 
transmission axes 39a and 39b are joined via elec^ 
tromagnetic clutches 40a and 40b. When the elec- 

35 tromagnetic clutches 40a and 40b are connected, 
the transmission axes 39a and 39b rotate together 
with the output axes 38a and 38b. 

The transmission axes 39a and 39b are sup- 
ported by pairs of bearings 41 so that the transmis- 

40 sion axes 39a and 39b can rotate freely. The ends 
of the transmission axes 39a and 39b are, as 
described above, connected to the output axes 38a 
and 38b via the electromagnetic clutches 40a and 
40b. The other ends of the transmission axes 39a 

45 and 39b are connected to encoders 42a and 42b, 
so that the rotation angles of the transmission axes 
39a and 39b can be detected. 

On the central portions of the transmission 
axes 39a and 39b, brakes 43a and 43b, and worms 

so 44a and 44b are installed in series in that order 
from the electromagnetic clutches 40a and 40b. 
The worms 44a and 44b are engaged with worm 
wheels 45a and 45b to be described later, thus 
forming first and second speed reducers 46a and 

55 46b. 

On the other hand, on the outer circumferential 
surface of the central portion of the rear wheel 
output shaft 1 1 , a rack 1 5 is created as part of the 
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rear wheel output shaft 11. In the vicinity of the 
rear wheel output shaft 1 1 , first and second rotation 
axes 47a and 47b are located at skew positions 
with respect to the rear wheel output shaft 11 and 
supported by bearings 48 and 49 so that the first 5 
and second rotation axes 47a and 47b can rotate 
freely. Pinions 50a and 50b formed on the outer 
circumferential surfaces of the distal portions of the 
first and second rotation axes 47a and 47b are 
engaged with the rack 15. ro 

The worm wheels 45a and 45b resting on the 
proximal portions of the first and second rotation 
axes 47a and 47b are engaged with the worms 44a 
and 44b, thus forming the first and second speed 
reducers 46a and 46b. The proximal ends of the 75 
first and second rotation axes 47a and 47b are 
provided with encoders 52a and 52b. The distal 
end of the second rotation axis 47b is provided 
with an encoder 62. Thus, the rotation angles of the 
first and second rotation axes 47a and 47b are 20 
monitored to detect a quantity of displacement of 
the rear wheel output shaft 11. Three encoders; 
that is, the encoders 52a, 52b, and 62 are provided 
so that even if any of the encoders fails, the rear 
wheel output shaft 11 can be reset to the neutral 25 
position according to the signals sent from the 
remaining two encoders. 

As described above, the first and second 
speed reducers 46a and 46b are made up of the 
worms 44a and 44b, and the worm wheels 45a and 30 
45b respectively. Herein, reverse transmission effi- 
ciency or efficiency in transmitting the movement 
of the rear wheel output shaft 11 to the first and 
second electric motors 37a and 37b is lower than 
forward transmission efficiency or efficiency in 35 
transmitting the rotations of the first and second 
electric motors 37a and 37b to the rear wheel 
output shaft 11. 

A control that is not shown controls the first 
and second electric motors 37a and 37b, elec- 40 
tromagnetic clutches 40a and 40b, and brakes 43a 
and 43b, and allows the first and second electric 
motors 37a and 37b to displace the rear wheel 
output shaft 11 in the axial direction. 

When an electric four-wheel steering system of 45 
the present invention having the aforesaid configu- 
ration is used to apply a steering angle to rear 
wheels, a control connects electromagnetic 40a 
and 40b, releases brakes 43a and 43b (sets a non- 
braking state), and energizes first and second elec- 50 
trie motors 37a and 37b. 

When the first and second electric motors 37a 
and 37b conduct, a rear wheel output shaft 1 1 is 
displaced in the axial direction via output axes 38a 
and 38b, transmission axes 38a and 38b, worms 55 
44a and 44b, first and second rotation axes 47a 
and 47b, pinions 50a and 50b, and a rack 15. 
Then, with the displacement of the rear wheel 



output shaft 11, coupling rods 36 are pushed and 
pulled to apply a steering angle to rear wheels. 

When the steering angle is applied to the rear 
wheels, if either the electric motor 37a or 37b fails, 
the control uses the other electric motor 37b or 37a 
to return the rear wheel output shaft 11 to the 
neutral position and thus cancels the steering angle 
applied to the rear wheels. At this time, the elec- 
tromagnetic clutch 40a or 40b connected to the 
electric motor 37a or 37b is disconnected if neces- 
sary, so that the other electric motor 37b or 37a 
will rotate smoothly (so that the faulty electric mo- 
tor 37a or 37b will not interfere with rotation). 

The first and second speed reducers 46a and 
46b are characteristic of low reverse transmission 
efficiencies. Therefore, when either the electric mo- 
tor 37a or 37b fails, if either the rotation axis 47a or 
47b does not rotate, the other electric motor 37b or 
37a uses a little force to return the rear wheel 
output shaft 1 1 to the neutral position. Unless the 
electric motor 37a or 37b fails to rotate because of 
burning, even when the electromagnetic clutch 40a 
or 40b remains connected, the rear wheel output 
shaft 11 can be returned to the neutral position. 
Supposing the electric motor 37a or 37b fails to 
rotate because of burning, the rear wheel output 
shaft 1 1 can be returned to the neutral position by 
disconnecting the electromagnetic clutch 40a or 
40b. 

A rear wheel output shaft 11 forming an electric 
four-wheel steering system of the present invention 
need not have a centering spring 25 (Figures 5 and 
6) or may have a centering spring 25 with weak 
elasticity. Therefore, when the rear wheel output 
shaft 11 is displaced to apply a steering angle to 
rear wheels in a normal state, such a large force 
that overcomes a large elasticity of the centering 
spring 25 is not required. Therefore, first and sec- 
ond electric motors 37a and 37b for steering rear 
wheels need not provide very large outputs. When 
a vehicle runs rectilinearly, if the. rear wheel output 
shaft 11 must be held at the neutral position, 
brakes 43a and 43b are actuated to hinder rotation 
of transmission axes 39a and 39b. 

As described previously, reverse transmission 
efficiencies of first and second speed reducers 46a 
and 46b are suppressed low. Therefore, only when 
the first and second electric motors 37a and 37b 
operate similarly (rotate to displace the rear wheel 
output shaft 1 1 by the same quantity in the same 
direction), the rear wheel output shaft 11 moves in 
the axial direction. Therefore, even If either the 
electric motor 37a or 37b runs abnormally, the rear 
wheel output shaft 1 1 will not move abruptly. 

To be more specific, even if either the electric 
motor 37a or 37b runs abnormally, as far as the 
other electric motor 37b or 37a operates normally, 
the speed reducer 46b or 46a characteristic of low 



MSDOCID: <EP 0521450A2J_> 



17 EP 0 521 450 A2 18 



reverse efficiency will not cause the worm 44b or 
44a of the other electric motor 37b or 37a to rotate. 
Therefore, the rear wheel output shaft 11 will not 
move. Consequently, the rear wheel output shaft 11 
will not apply a steering angle to rear wheels 
abruptly. 

The control monitors the output signals of en- 
coders 42a, 42b, 52a, 52b, and 62 ail the time. If 
an abnormal steering angle is likely to be applied 
to the rear wheels, the rear wheel output shaft 1 1 is 
reset to the neutral position right away. Then, the 
electromagnetic clutches 40a and 40b are discon- 
nected, and the brakes 43a and 43b are actuated 
(to set the braking state). In this state, a steering 
angle will never be applied to the rear wheels. The 
automobile can be steered in the same manner as 
an auto in which a normal two-wheel steering sys- 
tem is incorporated. The encoders 52a, 52b, and 
62 are used to detect a smaller quantity of rotation 
than the encoders 42a and 42b. The encoders 52a, 
52b, and 62 may, therefore, be replaced by poten- 
tiometers or other displacement sensors. 

Figure 2 shows the second embodiment of the 
present invention. The aforesaid first embodiment 
employs two rotation axes of a first rotation axis 
47a and a second rotation axis 47b to form first 
and second speed reducers 46a and 46b. In this 
embodiment, worm wheels 45a and 45b are fixed 
at the ends of a single rotation axis 51 that are 
supported, by bearings 48 to rotate freely. A pinion 

50 formed in the central portion of the rotation axis 

51 is engaged with a rack 14 formed on a rear 
wheel output shaft 1 1 . Thus, the rear wheel output 
shaft 1 1 is displaced in the axial direction with the 
rotation of the rotation axis 51 . Encoders 52a, 52b, 
and 62 for detecting a quantity of displacement of 
the rear wheel output shaft 1 1 are mounted at the 
ends of the rotation, axis 51. Other components and 
operations are identical to those in the aforesaid 
first embodiment. 

Next, Figure 3 shows the third embodiment of 
the present invention. The first or second embodi- 
ment employs worms 44a and 44b, and worm 
wheels 45a and 45b to form first and second speed 
reducers 46a and 46b of low reverse transmission 
efficiencies. In this embodiment, a square thread 
53 formed on the outer circumferential surface of 
the central portion of the rear wheel output shaft 1 1 
is used in combination with a pair of nuts 54a and 
54b to form first and second speed reducers 46a 
and 46b of low reverse transmission efficiencies. 

The nuts 54a and 54b are held at the positions 
shown in Figure 3 by supports, which are not 
shown, so that they can rotate freely (but cannot 
move in the axial direction). Slave gears 55a and 
55b formed on the outer circumferential surfaces of 
the ends of the nuts 54a and 54b are engaged with 
drive gears 56a and 56b resting on transmission 



axes 39a and 39b. A pinion of a pinion shaft 58 is 
engaged with a rack 57 formed on the outer cir- 
cumferential surface of the central portion of the 
rear wheel output shaft 11. Encoders 52a, 52b, and 

s 62 are mounted at the ends of the pinion shaft 58 
to detect a quantity of displacement of the rear 
wheel output shaft 11 in the axial direction. Other 
components and their operations are identical to 
those in the aforesaid first and second embodi- 

io ments. 

Figure 4 shows an accessory for use in for- 
ming a:i electric four-wheel steering system of the 
present invention. In the electric four-wheel steer- 
ing system of the present invention, first and sec- 

75 ond electric motors 37a and 37b are rotated in a 
synchronous manner during normal operation. Un- 
less the motors 37a and 37b are precisely synchro- 
nous, worms 44a and 44b and worm wheels 45a 
and 45b, or a square thread 53 and nuts 54a and 

20 54b, which form first and second speed reducers 
46a and 46b, rub strongly or bite at worst. As a 
result, the rear wheel output shaft 1 1 may not 
move smoothly. These problems are solved, need- 
less to say, by synchronizing the first and second 

25 motors 37a and 37b precisely. This however, re- 
quires high-precision motors 37a and 37b, and a 
high-precision control circuit. Consequently, manu- 
facturing cost of an electric four-wheel steering 
system increases. 

30 As shown in Figure 4. either a transmission 

axis 39a or 39b on which a worm 44a or 44b is 
fixed is elastically displaced freely in the axial 
direction. Thereby, when the rotations of the first 
and second electric motors 37a and 37b disagree 

35 even slightly, the transmission axis 39a or 39b 
moves in the axial direction to absorb the disagree- 
ment. 

More specifically, guards 60 are formed be- 
tween the ends of the worm 44a or 44b and bear- 

40 ings 59. Disk springs or other elastic materials 61 
are slightly and elastically pressed between the 
guards 60 and bearings 59. Thereby, the transmis- 
sion axis 39a or 39b can minutely though elas- 
tically move in the axial direction. When the rota- 

45 tions of the first and second electric motors 37a 
and 37b disagree, the transmission axis 39a or 39b 
moves in the axial direction to absorb the disagree- 
ment. Thus, a rear wheel output shaft 11 can be 
displaced smoothly in the axial direction. 

50 An electric four-wheel steering system of the 

present invention can apply to any structure in 
;■■ which a rear wheel output shaft is displaced in the 
axial direction by energizing an electric motor, and 
thus a steering angle is applied to rear wheels. In 

55 other words, an electric four-wheel steering system, 
to which the present invention can apply, unlike the 
aforesaid electric four-wheel steering system of pri- 
or art, need not have a built-in compliance steering 
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mechanism. 

An electric four-wheel steering system of the 
present invention is configured and operates as 
described previously. Therefore, compact and low- 
output electric motors can be employed as electric 5 
motors for the electric four-wheel steering system. 
This minimizes manufacturing cost, permits freer 
selection of locations of installing electric motors, 
and eventually simplifies the design of an electric 
four-wheel steering system. 70 

If an electric motor runs abnormally, it is reli- 
ably prevented that a steering angle is applied to 
rear wheels abruptly. Thus, high safety is ensured. 

Figure 10 shows other embodiment of the 
present invention. A steering angle sensor 208, a 75 
vehicle speed sensor 223, a yaw rate sensor 233, 
and other sensors 234 detect a degree of a steer- 
ing angle applied to front wheels, a running speed 
of a vehicle, a yaw rate, and other factors that 
affect the degree of a steering angle. The detected 20 
signals sent from these sensors are supplied to 
multiple control parameter calculating means 235i 
. to 235 n (n is 2 or a larger natural number). 

The multiple control parameter calculating 
means 235i to 235 n are arranged in parallel and 25 
form a control 224 together with a comparing and 
selecting means 236 to be described later. The 
multiple control parameter calculating means 235i 
to 235 n receive the detected signals from the mul- 
tiple sensors 203, 223, 233, and 234, calculate 30 
steering angles to be applied to rear wheels 209 
using the detected signats, then supply control 
signals according to the calculated steering angles. 
The control signals sent from the control parameter 
calculating means 235i to 235„ are supplied to the 35 
comparing and selecting means 236. 

The comparing and selecting means 236 com- 
pares the control signals sent from the control 
parameter calculating means 235i to 235 n . Only 
when the control signals the control parameter cal- 40 
culating means 235, to 235 n provide have equal 
values, the comparing and selecting means 236 
sends the control signals to multiple motor-driven 
actuators 237! to 237 m (m is 2 or a larger natural 
number). Then, the motor-driven actuators 237i to 45 
237 m apply a steering angle according to the con- 
trol signals. 

Only when all of the multiple motor-driven ac- 
tuators 237i to 237 m operate similarly, a steering 
angle is applied to the rear wheels 209. The mul- 50 
tiple motor-driven actuators 237i to 237 m are con- 
structed, for example, as shown in Figure 1 1 . 

Figure 11 shows motor-driven actuators speci- 
fied with m - 2 in the motor-driven actuators 237i 
to 237 m ; that is, first and second motor-driven 55 
actuators 237a and 237b. An embodiment of the 
present invention will be described using a specific 
example shown in Figure 11. In a cylindrical case 
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238 resting on the floor of an automobile, a rear 
wheel output shaft 211 lies with sliding bearings 

239 involved so that it can move freely in the axial 
direction (sideways in Figure 11). Ends of coupling 
rods 241 are joined with the ends of the rear wheel 
output shaft 21 1 via universal joints 240. The other 
ends of the coupling rods 241 are joined with distal 
ends of rear wheel steering knuckle arms 13 (See 
Figure 5). Thereby, with displacement of the rear 
wheel output shaft 211 , a steering angle associated 
with the quantity of displacement is applied to right 
and left rear wheels. 

By the sides of the case 238, a first electric 
motor 242a forming the first motor-driven actuator 
237a and a second electric motor 242b forming the 
second motor-driven actuator 237b are stationed in 
such a manner that the output axes 243a and 243b 
of the electric motors 242a and 242b will be in 
parallel with the center axis of the case 238. In the 
distal portions of the output axes 243a and 243b, 
transmission axes 244a and 244b are joined via 
electromagnetic clutches 245a and 245b. When the 
electromagnetic clutches 245a and 245b are con- 
nected, the transmission axes 244a and 244b 
rotate together with the output axes 243a and 243b. 

The transmission axes 244a and 244b are sup- 
ported by pairs of bearings 246 so that they can 
rotate freely. The ends of the transmission axes 
244a and 244b are connected to the output axes 
243a and 243b via the electromagnetic clutches 
245a and 245b. Encoders 247a and 247b are 
mounted at the other ends of the transmission axes 
243a and 243b to detect the rotation angles of the 
electric motors 242a and 242b. 

On the central portions of the transmission 
axes 244a and 244b, brakes 248a and 248b, and 
worms 249a and 249b are mounted in series in that 
order from the electromagnetic clutches 245a and 
245b. The worms 249a and 249b engage with 
worm wheels 250a and 250b to be described later, 
thus forming first and second speed reducers 251a 
and 251b. 

On the other hand, a rack 215 is formed on the 
outer circumferential surface of the central portion 
of the rear wheel output shaft 211 as part of the 
rear wheel output shaft 211. In the vicinity of the 
rear wheel output shaft 211, first and second rota- 
tion axes 252a and 252b are located at skew posi- 
tions with respect to the rear wheel output shaft 
21 1 and supported by bearings 253 and bearings 
254 so that the first and second rotation axes 252a 
and 252b can rotate freely. Pinions 255a and 255b 
formed on the outer circumferential surfaces of the 
distal portions of the first and second rotation axes 
252a and 252b are engaged with the rack 215. The 
worm wheels 250a and 250b fixed on the proximal 
portions of the first and second rotation axes 252a 
and 252b are engaged with the worms 249a and 
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249b to form first and second speed reducers 251a 
and 251b. 

Encoders 256a and 256b are mounted at the 
proximal ends of the first and second rotation axes 
252a and 252b, and an encoder 265 is mounted at 
the distal end of the second rotation axis 252b. The 
rotation angles of the first and second rotation axes 
252a and 252b are monitored to detect a steering 
angle to be applied to the rear wheels 209. The 
encoders 256a, 256b, and 265 serve as rear wheel 
steering angle sensors. The rotation angles of the 
first and second rotation axes 252a and 252b are 
not very large. Therefore, the encoders 256a, 256b, 
and 265 may be replaced by potentiometers. The 
rotation angles of the rotation axes 252a and 252b 
may be detected using the potentiometers, or the 
displacement of the rear wheel output shaft 211 
may be detected directly using the potentiometers. 

As described above, the first and second 
speed reducers 251a and 251b are made up of the 
worms 249a and 249b, and the worm wheels 250a 
and 250b. In the first and second speed reducers 
251a and 251b, reverse transmission efficiency or 
efficiency in transmitting the movement of the rear 
wheel output shaft 21 1 to the first and second 
rotation axes 252a and 252b is lower than forward 
transmission efficiency or efficiency in transmitting 
the rotations, of the first and second rotation axes 
252a and 252b to the rear wheel output shaft 211. 

Then, as., shown in Figure 10, a control 224 
having multiple control parameter calculating 
means 235i to 235 n (herein, n = 2 because two 
control parameter calculating means 235 1 and 2352 
are required to control the apparatus shown in 
Figure 11) controls the first and second rotation 
axes 252a and 252b, electromagnetic clutches 
245a and 245b, and brakes 238a and 238b, then 
allows the rotation axes 252a and 252b to displace 
the rear wheel output shaft 21 1 in the axial direc- 
tion. 

When an electric four-wheel steering system of 
the present invention having the foregoing configu- 
ration is used to apply a steering angle to rear 
wheels, two control parameter calculating means 
235i and 2352 are incorporated. A comparing and 
selecting means 236 compares the control signals 
sent from the control parameter calculating means 
235i and 2352. Only when the control signals sent 
from the control parameter calculating means 235i 
and 235 2 have equal values, the control signals are 
sent to the first and second electric motors 242a 
and 242b forming the first and second motor-driven 
actuators 237a and 237b. Then, a steering angle is 
applied to rear wheel 209. 

Therefore, if either the control parameter cal- 
culating means 235i or 2352 fails, the comparing 
and selecting means 236 sends no control signal to 
the first and second electric motors 242a and 242b. 



SOCCIO. <EP 0S21450A2_L> 




521 450 A2 22 



Therefore, even if either the control parameter cal- 
culating means 235i or 2352 fails, the motor-driven 
actuators 237a and 237b formed with the first and 
second electric motors 242a and 242b are pre- 
5 vented from running abnormally. Therefore, the 
rear wheel output shaft 211 will not be displaced 
abruptly. Consequently, a steering angle will not be 
applied to the rear wheels 209 abruptly. Incor- 
poration of three or more control parameter Cai- 
ro culating means will further improve safety. 

In an example shown in Figure 11, if either a 
motor-driven actuator 237a or 237b runs abnor- 
mally because of a short circuit on a power circuit 
for supplying power to the first and second motor- 
15 driven actuators 237a and 237b or other unpreven- 
table failure in a control 242 (if either a first or 
second electric motor 242a or 242b rotates ab- 
ruptly), as far as the other motor-driven actuator 
237b or 237a operates normally, a rear wheel out- 
20 put shaft 211 for applying a steering angle to rear 
wheels 209 will not move. Thus, safety is further 
improved. 

In an electric four-wheel steering system in 
which a rear wheel steering mechanism shown in 

25 Figure 11 is incorporated, when the system op- 
erates normally (does not fail), a control 224 con- 
nects electromagnetic clutches 245a and 245b, re- 
leases brakes 248a and 248b (puts the system in 
non-braking state), then energizes first and second 

30 electric motors 242a and 242b. 

When the first and second electric motors 242a 
and 242b conduct, the rear wheel output shaft 21 1 
is displaced in the axial direction via output axes 
243a and 243b, worms 249a and 249b, first and 

35 second rotation axes 252a and 252b, pinions 255a 
and 255b, and a rack 215. Then, with the displace- 
ment of the rear wheel output shaft 21 1 , coupling 
rods 241 are pushed and pulled to eventually apply 
a steering angle to the rear wheels 209. 

40 When a steering angle is applied to the rear 

wheels 209, if either the electric motor 242a or 
242b fails, the control 224 uses the other electric 
motor 242b or 242a to return the rear wheel output 
shaft 211 to the neutral position, thus cancels the 

45 steering angle applied to the rear wheels 209a. At 
this time, the electromagnetic clutch 245a or 245b 
of either the electric motor 242a or 242b is discon- 
nected if necessary so that the other electric motor 
242a or 242b will rotate smoothly (the faulty elec- 

50 trie motor 242a or 242b will not interfere with the 
rotation of the other motor). 

The first and second speed reducers are char- 
acteristic of low reverse transmission efficiencies. 
Therefore, if either the electric motor 242a or 242b 

55 fails, when either the rotation axis 252a or 252b 
does not rotate, the other electric motor 242b or 
242a uses a little force to return the rear wheel 
output shaft 211 the neutral position. Unless the 

13 
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electric motor 242a or 242b fails to rotate because 
of, for example, burning, even when the electro- 
magnetic clutch 245a or 245b remain connected, 
the rear wheel output shaft 211 can be returned to 
the neutral position. Supposing the electric motor 5 
242a or 242b fails to rotate because of burning, the 
rear wheel output shaft 21 1 can be returned to the 
neutral position by disconnecting the electromag- 
netic clutch 245a or 245b. 

Therefore, a centering spring 25 (Figures 5 and 10 
6) used in the previous invention need not be 
incorporated in the rear wheel output shaft 211 
forming an electric four-wheel steering system of 
the present invention shown in Figure 11. Alter- 
natively, a centering spring 25 with weak elasticity 75 
will do. Therefore, when the rear wheel output shaft 
211 is displaced to apply a steering angle to the 
rear wheels 209 in a normal state, a large force that 
overcomes a large elasticity of the centering spring 
25 is unnecessary. This means that the first and 20 
second electric motors 252a and 242b for steering 
rear wheels need not provide very large outputs. 
When a vehicle runs recti linearly, if the rear wheel 
output shaft 1 1 must be held at the neutral position, 
the brakes 248a and 248b are actuated to interfere 25 
with rotation of the transmission axes 244a and 
244b. 

As described previously, reverse transmission 
efficiencies of first and second speed reducers 
251a and 251b are suppressed low. Only when the 30 
first and second electric motors 242a and 242b 
operate similarly (rotate to displace a rear wheel 
output shaft 21 1 by the same quantity in the same 
direction), the rear wheel output shaft 21 1 moves in 
the axial direction. Even if either an electric motor 35 
242a or 242b runs abnormally, the rear wheel out- 
put shaft 21 1 will not move abruptly. 

More specifically, if either the electric motor 
242a or 242b runs abnormally, as far as the other 
electric motor 242b or 242a operates normally, a 40 
speed reducer 251b or 251a of low reverse trans- 
mission efficiency will not cause the worm 249b or 
249a of the other electric motor 242b or 242a to 
rotate. Therefore, the rear wheel output shaft 21 1 
will not move to apply a steering angle to rear 45 
wheels 209 abruptly. 

As described previously, in an electric four- 
wheel steering system of the present invention, if 
an abnormal steering angle may be applied to rear 
wheels, a control 224 and motor-driven actuators so 
237a and 237b return a rear wheel output shaft 21 1 
to the neutral position. Then, electromagnetic 
clutches 245a and 245b are disconnected, and 
brakes 248a and 248b are actuated (the system is 
put in a braking state). In this state, a steering 55 
angle is never applied to the rear wheels 209. The 
automobile can be steered in the same manner as 
an auto having a normal two-wheel steering sys- 



tem. 

Figure 12 shows other embodiment of the 
present invention. Two units of steering angle sen- 
sors 208, vehicle speed sensors 223, and yaw rate 
sensors 233 respectively are installed to detect a 
steering angle applied to front wheels, a vehicle 
speed, and a yaw rate, which are factors affecting 
the degree of a steering angle to be applied to rear 
wheels. These factors are processed in parallel by 
processing circuits 257, 258, and 259, then sup- 
plied to first and second controllers (CPUs) 260a 
and 260b. 

The first and second controllers 260a and 260b 
use the processing circuits 261a to 261c, and 262a 
to 262c to control first and second electric motors 
242a and 242b, electromagnetic clutches 245a and 
245b, and brakes 248a and 248b, which are com- 
bined, for example, as shown in Figure 11, and 
thus displace a rear wheel output shaft 211 in the 
axial direction. The first controller 260a inputs the 
detected signal of an encoder 247a for detecting a 
rotation angle of the first electric motor 242a via a 
processing circuit 263a. The second controller 
260a inputs the detected signal of an encoder 247b 
for detecting a rotation angle of the second electric 
motor 242b via a processing circuit 263b. Outputs 
of encoders 247a and 247b are used as feedback 
signals. Thus, the first and second electric motors 
242a and 242b are rotated by a predetermined 
angle. 

Encoders 256a, 256b, and 265 are incorpo- 
rated in the structure of Figure 11 to detect a 
quantity of displacement of the rear wheel output 
shaft 211 via the first and second rotation axes 
252a and 252b. The outputs of the encoders 256a, 
256b, and 265 are supplied to the first and second 
controllers 260a and 260b. These three encoders 
256a, 256b, and 265 are rear wheel steering angle 
sensors for detecting a steering angle applied to 
the rear wheels. The first and second controllers 
260a and 260b are provided with signals sent from 
three systems of rear wheel steering sensors for 
detecting a steering angle applied to the rear 
wheels. 

A communication interface circuit 264 is in- 
stalled between the first and second controllers 
260a and 260b. The communication interface cir- 
cuit 264 detects disagreement between the control 
signals the first and second controllers 260a and 
260b send to the first and second electric motors 
242a and 242b. 

In an electric four-wheel steering system of the 
present invention having the foregoing configura- 
tion, if any of components fails, first and second 
controllers 260a and 260b use the other system of 
the component that does not fail to return a rear 
wheel output shaft 211 to the neutral position, and 
thus resolve a steering angle applied to rear 
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wheels. 

For example, in Figure 1 1 , if either a first or 
second electric motor 242a or 242b fail, the first 
and second controllers 260a and 260b disconnect 
an electromagnetic clutch for the faulty electric 5 
motor, use the other electric motor that does not 
fail, and thus return the rear wheel output shaft 21 1 
to the neutral position. Therefore, the electric four- 
wheel steering system of the present invention, 
unlike the aforesaid structure of prior art, need not w 
have a centering spring 25 having a large elasticity. 

When any of encoders 247a, 247b, 256a, 256b, 
and 265, or either a sensor 223 or 233 fails, the 
control signals sent from the first and second con- 
trollers 260a and 260b disagree. The disagreement 75 
is detected by a communication interface circuit 
264. In this case, according to signals sent from a 
total of three systems of rear wheel steering angle 
sensors for detecting a rear wheel steering angle 
the encoders 256a, 256b, and 265 provide, the first 20 
and/or second electric motors 242a and/or 242b 
are/is used to return the rear wheel output shaft 
211 to the neutral -position. Thus, the steering angle 
applied to the rear wheels is canceled. 

If one of three systems of rear wheel steering 25 
angle sensors fails, as far as two systems operate 
normally, a steering angle applied to rear wheels 
can be canceled That is to say, if two systems of 
rear wheel steering angle sensors are installed, if 
either of the rear wheel steering angle sensors 30 
fails, it cannot be determined which sensor 
(encoder) is abnormal or normal. In this embodi- 
ment, since three systems of rear wheel steering 
angle sensors are installed, a faulty sensor can be 
identified. 35 

In an electric four-wheel steering system of the 
present invention, first and second electric motors 
242a and 242b are controlled independently by 
first and second controllers 260a and 260b. There- 
fore, while a vehicle is running, checking if the 40 
electric motors 242a and 242b are locked because 
of burning can be done in parallel with controlling a 
steering angle to be applied to rear wheels. To be 
more specific, while one electric motor is control- 
ling a steering angle, the other electric motor is 45 
disconnected from the electromagnetic clutch, en- 
ergized, then inspected. In this case, unlike the 
structure shown in Figure 11, encoders 247a and 
247b are mounted on the output axes. 243a and 
243b of the electric motors 242a and 242b beyond 50 
the electromagnetic clutches 245a and 245b. Alter- 
natively, special inspection encoders may be in- 
stalled. 

An electric four-wheel steering system of the 
present invention can apply to any structure in 55 
which a rear wheel output shaft is displaced in the 
axial direction by energizing an electric motor. In 
other words, an electric four-wheel steering system 



to which the present invention can apply, unlike the 
aforesaid electric four-wheel steering system of pri- 
or art, need not have a built-in compliance steering 
mechanism. 

An electric four-wheel steering system of the 
present invention is configured and operates as 
described previously. Abrupt application of a steer- 
ing angle to rear wheels can be prevented reliably. 
Thus, high safety can be ensured. 

Figure 13 shows an example of a control state 
in which an electric four-wheel steering system of 
the present invention applies a steering angle to 
rear wheels. The electric four-wheel steering sys- 
tem of the present invention uses a voltmeter or 
other supply voltage detecting means, which is not 
shown, to detect the voltage of a battery that is not 
shown. Then, the detected signal the supply volt- 
age detecting means provides is supplied to a 
control 25 (Figure 5). 

The control 25 makes determination and pro- 
vides instructions as shown in Figure 13, and thus 
applies a steering angle to rear wheels 9 (Figure 5) 
according to a variation in vehicle speed. 

First, at a step S1 , the control 25 reads signals 
sent from front wheel steering angle sensors 8. 
Then, when the control 25 determines based on 
the signals that the voltage of the battery is suffi- 
cient, the control 25 calculates a steering angle to 
be applied to the rear wheels 9 (primary rear wheel 
steering angle) at a step S2. At a step S3, the 
control 25 reads a detected signal sent from the 
supply voltage detecting means. At a step S4, a 
maximum -y L (steering angle limit) of a steering 
angle applicable to the rear wheels is calculated 
using the detected signal. More specifically, at the 
step S4, a load applicable to the battery is es- 
timated according to the current voltage of the 
battery, then the steering angle limit is calculated. 
The steering angle limit is determined in the range 
in which even if a steering angle of a limit value is 
applied to the rear wheels, the capability of the 
battery will not be impaired. 

As described above, the primary rear wheel 
steering angle is calculated at the step S2, and the 
steering angle limit is calculated at the step S4. 
(Herein, the primary rear wheel steering angle y P 
and steering angle limit yt may be calculated by 
reversing the order.) Then, at a step S5, it is 
determined which value is larger, the primary rear 
wheel steering angle or the steering angle limit. 
Then, a steering angle of the smaller value is 
applied to the rear wheels. 

If the primary rear wheel steering angle value 
is smaller than the steering angle limit value, the 
primary rear wheel steering angle value is adopted 
as a steering angle to be applied to the rear wheels 
at a step S6 in Figure 13. If the steering angle limit 
value is smaller than the primary rear wheel steer- 
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ing angle value, the steering angle limit value is 
adopted as a steering angle applied to the rear 
wheels at a step S7. 

At a step S8, a motor-driven actuator is en- 
ergized. A steering angle of the primary rear wheel 
angle value or steering angle limit value adopted at 
the step S6 or S7 is applied to the rear wheels. 

Based on the signals sent from a pulse gener- 
ator incorporated in the control 25, the operations 
of the steps S1 to S8 are repeated at regular 
intervals (at intervals of one second or less) while a 
vehicle is running. 

Figures 14 and 15 show the relationship be- 
tween the voltage of a battery and the steering 
angle limit. At the step S4 in Figure 13, the steer- 
ing angle limit is calculated according to the rela- 
tionship shown in Figure 14 or 15. Then, the cal- 
culated value is passed to the step S5 in Figure 1 3. 
As shown in Figures 1 4 and 1 5, assuming that the 
voltage of a battery is 12 V, the function of the 
battery will not be impaired by energizing a motor- 
driven actuator. A maximum steering angle ap- 
plicable to the rear wheels (7* in Figures 14 and 
15) is adopted as the steering angle limit. When 
the voltage of a battery is 8 V or less; the function 
of the battery may be impaired by energizing the 
motor-driven actuator. Then, the steering angle lim- 
it is set to zero, so that a steering angle will not be 
applied to the rear wheels. When the voltage of a 
battery ranges 8 to 12 V, the steering angle limit is 
changed continuously (in Figure 14) or in steps (in 
Figure 15) according to the voltage of the battery. 

An electric four-wheel steering system of the 
present invention can apply to any structure in 
which a steering angle is applied to rear wheels by 
energizing an electric motor. In other words, an 
electric four-wheel steering system to which the 
present invention can apply, unlike the aforesaid 
electric four-wheel steering system of the previous 
invention, need not have a built-in compliance 
steering mechanism. 

An electric four-wheel steering system of the 
present invention is configured and operates as 
described above. A battery will, therefore, not be 
exhausted to interfere with smooth movement of a 
vehicle or to leave rear wheels with a steering 
angle applied. 

Figures 16 to 19 show an embodiment in which 
the present invention applies to an electric four- 
wheel steering system. In a cylindrical case 301 
resting on the floor of an automobile, a rear wheel 
output shaft 302 lies with sliding bearings 303 
involved so that it can move freely in the axial 
direction (sideways in Figure 16). Ends of coupling 
rods 305 are joined with the ends of the rear wheel 
output shaft 302 via universal joints 304. The other 
ends of the coupling rods 305 are joined with distal 
ends of rear wheel steering knuckles. Thus, with 



displacement of the rear wheel output shaft 302, a 
steering angle associated with the quantity of dis- 
placement can be applied to the right and left rear 
wheels. 

5 By the sides of the case 301, a first electric 

motor 306a and a second electric motor 306b that 
form motor-driven actuators for displacing the rear 
wheel output shaft 302 in the axial direction are 
stationed in such a manner that the output axes 

io 307a and 307b of the electric motors 306a and 
306b will be in parallel with the center axis of the 
case 301. Transmission axes 308a and 308b are 
joined with the distal ends of the output axes 307a 
and 307b via electromagnetic clutches 309a and 

76 309b. Thus, when the electromagnetic clutches 
309a and 309b are connected, the transmission 
axes 308a and 308b rotate together with the output 
axes 307a and 307b. 

The transmission axes 308a and 308b are sup- 

20 ported by pairs of bearings 310. The ends of the 
transmission axes 308a and 308b are, as described 
previously, connected to the output axes 307a and 
307b via the electromagnetic clutches 309a and 
309b. The other ends of the transmission axes 

25 308a and 308b are provided with encoders 311 and 
311b. thus permitting detection of the rotation an- 
gles of the transmission axes 308a and 308b. 

In the central portions of the transmission axes 
308a and 308b, worms 312a and 312b are formed. 

30 The worms 312a and 312b are engaged with worm 
wheels 313a and 313b to be described later. 

On the other hand, a rack 14 is formed on the 
outer circumferential surface of the central portion 
of the rear wheel output shaft 302 as part of the 

35 rear wheel output shaft 302. In the vicinity of the 
rear wheel output shaft 302, first and second rota- 
tion axes 315a and 315b are located at skew posi- 
tions with respect to the rear wheel output shaft 
302 and supported by bearings 316 and 317 so 

40 that the first and second rotation axes 315a and 
315b can rotate freely. Pinions 318a and 318b 
formed on the outer circumferential surfaces of the 
distal portions of the first and second rotation axes 
31 5a and 31 5b are engaged with the rack 314. 

45 Worm wheels 313a and 313b resting on the 

proximal portions of the first and second rotation 
axes 315a and 315b are engaged with the worms 
312a and 312b, thus forming first and second 
speed reducers 320a and 320b. Encoders 319a 

so and 319b are mounted at the proximal ends of the 
first and second rotation axes 315a and 315b, and 
an encoder 328 is mounted at the distal end of the 
second rotation axis 315b. Thus, the rotation angles 
of the first and second rotation axes 315a and 315b 

55 are monitored to detect a quantity of displacement 
of the rear wheel output shaft 302, and quantities of 
rotation of the first and second electric motors 306a 
and 306b. Three encoders; that is, the encoders 
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319a, 319b, and 328 are installed, so that even if 
any of the encoders fails, the rear wheel output 
shaft 302 can be reset to the neutral position 
according to the signals sent from the remaining 
two encoders. The quantities of rotation of the 5 
rotation axes 315a and 315b are relatively small. 
Therefore, the encoders 319a, 319b, and 328 may 
be replaced by potentiometers. Then, using the 
potentiometers, a quantity of displacement of the 
rear wheel output shaft 302 may be metered via 10 
the rotation axes 31 5a and 31 5b or directly. 

In first and second speed reducers 320a and 
320b made up of the worms 312a and 312b, and 
worm wheels 313a and 313b as described above, 
reverse transmission efficiency or efficiency in 75 
transmitting the movement of the rear wheel output 
shaft 302 to the first and second electric motors 
306a and 306b is lower than forward transmission 
efficiency or efficiency in transmitting the rotations 
of the first and second electric motors 306a and 20 
306b to the rear wheel output shaft 302. 

Mounted on the sides of the central portion of 
the rear wheel output shaft 302 are first and sec- 
ond unidirectional clutching mechanisms 321a and 
321 b, and first and second canceling mechanisms 25 
322a and 322b for deactivating the first and second 
unidirectional clutching mechanisms 321a and . 
321b. 

In the embodiment of Figure 16, the first and 
second unidirectional clutching mechanisms 321a 30 
and 321b comprise ratchet gears 323a and 323b 
that are formed on the margins of the central 
portion of the rear wheel output shaft 302 and 
oriented reversely, ratchet pawls 324a and 324b 
that can be disengaged from the ratchet gears 35 
323a and 323b, and springs 325a and 325b for 
pressing the distal portions of the ratchet pawls 
324a and 324b towards the ratchet gears 323a and 
323b. The first and second canceling mechanisms 
322a and 322b are formed with solenoids 326a and 40 
326b. When the solenoids 326a and 326b are en- 
ergized, the distal portions of the ratchet pawls 
324a and 324b are departed from the ratchet gears 
323a and 323b by resisting elasticities of the 
springs 325a and 325b. 45 

In the foregoing first and second unidirectional 
clutching mechanisms 321a and 321b, the ratchet 
gears 323a and 323b on the margins of the rear 
wheel output shaft 302 are oriented reversely and 
deviated in the axial direction of the rear wheel 50 
output shaft 302, As shown in Figures 16 and 17, 
the ratchet pawl 324a forming the first unidirec- 
tional clutching mechanism 321a engages with one 
end (right end in Figures 16 and 17) of the ratchet 
gear 323a to hinder the rear wheel output shaft 302 55 
from moving in one direction (rightward in Figures 
16 and 17). The ratchet pawl 324b forming the 
second unidirectional clutching mechanism 321b 
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engages with the other end of the ratchet gear 
323b (left end in Figures 16 and 17) to hinder the 
rear wheel output shaft 302 from moving in the 
other direction (leftward in Figures 16 and 17). 

When the ratchet pawl 324a engages with one 
end of the ratchet gear 323a, if the ratchet pawl 
324b engages with the other end of the ratchet 
gear 323b, the rear wheel output shaft 302 resides 
at the neutral position and a steering angle in either 
direction is not applied to the rear wheels. How- 
ever, when the ratchet pawls 324a and 324b are 
arranged at mutually-deviated positions in the axial 
direction of the rear wheel output shaft 302, as far 
as the ratchet paw! 324a can engage with one end 
of the ratchet gear 323a and the ratchet pawl 324b 
can engage with the other end of the ratchet gear 
323b at the same time, the ratchet gears 323a and 
323b need not be formed at mutually-deviated po- 
sitions in the axial direction. 

The springs 325a and 325b are installed be- 
tween the proximal ends of the ratchet pawls 324a 
and 324b and the stationary sections of a car body 
327. Unless external forces work, the distal ends of 
the ratchet pawls 324a and 324b engage with the 
ratchet gears 323a and 323b. The solenoids 326a 
and 326b forming the first and second canceling 
mechanisms 322a and 322b are located between 
the stationary sections of the car body 327 and the 
distal portions of the ratchet pawls 324a and 324b. 
The solenoids 326a and 326b stretch in the non- 
conducting state (when the first and second cancel- 
ing mechanisms 322a and 322b are deactivated). 
When conducting, the solenoids 326a and 326b 
contract their lengths. Therefore, when the sole- 
noids 326a and 326b conduct (the first and second 
canceling mechanisms 322a and 322b are acti- 
vated), the ratchet pawls 324a and 324b resist the 
elasticities of the springs 325a and 325b to swing. 
This disengages the distal ends of the ratchet 
pawls 324a and 324b from the ratchet gears 323a 
and 323b. 

A control, which is not shown, controls the first 
and second electric motors 306a and 306b, elec- 
tromagnetic clutches 309a and 309b, and solenoids 
326a and 326b, then allows the first and second 
electric motors 306a and 306b to displace the rear 
wheel output shaft 302 in the axial direction. Thus, 
a steering angle is applied to the rear wheels. 

When an electric four-wheel steering system of 
the present invention having the aforesaid configu- 
ration is used to apply a steering angle to rear 
wheels, a control connects electromagnetic 
clutches 309a and 309b, energizes solenoids 326a 
and 326b, then activates first and second canceling 
mechanisms 322a and 322b. Then, when the distal 
ends of ratchet pawls 324a and 324b are dis- 
engaged from ratchet gears 323a and 323b as 
shown in Figure 18, the control energizes first and 
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second electric motors 306a and 306b. 

When the first and second electric motors 306a 
and 306b conduct, a rear wheel output shaft 302 is 
displaced in the axial direction via output axes 
307a and 307b, transmission axes 308a and 308b, 5 
worms 312a and 312b, first and second rotation 
axes 315a and 315b, pinions 318a and 318b, and a 
rack 314. Then, with the displacement of the rear 
wheel output shaft 302, coupling rods 305 are 
pushed and pulled to apply a steering angle to the io 
rear wheels. 

When the steering angle is applied to the rear 
wheels, if either the electric motor 306a or 306b 
fails, the control de-energizes the solenoids 326a 
and 326b and allows the solenoids 326a and 326b 15 
to stretch with the elasticities of springs 325a and 
325b (deactivates the first and second canceling 
mechanisms 322a and 322b). As a result, the 
ratchet pawls 324a and 324b swing with the elas- 
ticities of the springs 325a and 325b. As shown in 20 
Figure 1 9, the distal ends of the ratchet pawls 324a 
and 324b can engage with the ratchet gears 323a 
and 323b. 

When the distal ends of the ratchet pawls 324a 
and 324b can engage with the ratchet gears 323a 25 
and 323b, the rear wheel output shaft 302 can 
move only towards the neutral position. That is to 
say, when the rear wheel output shaft 302 is de- 
viated in one direction (rightward in Figure 1 9) from 
the neutral position as shown in Figure 19, the 30 
ratchet gear 323a and ratchet pawl 324a engage to 
form the first unidirectional clutching mechanism 
321a. Thereby, the rear wheel output shaft 302 can 
move only in the other direction (leftward in Figure 
19) towards the neutral position. Then, when the 35 
rear wheel output shaft 302 is pushed in the other 
direction towards the neutral position, the rear 
wheel output shaft 302 returns to the neutral posi- 
tion. 

A force for returning the rear wheel output shaft 40 
302 to the neutral position can be produced, as 
described later, using either a first or second elec- 
tric motor 306a or 306b forming a motor-driven 
actuator that does not fail. 

Alternatively, the arrangement of suspensions on 45 
rear wheels (suspension geometry) may be de- 
vised in such a manner that after a vehicle re- 
sumes running, the rear wheels will be reset to the 
rectilinear state (neutral positions). 

Thereby, even if either motor-driven actuator 50 
breaks down, the rear wheel output shaft 302 is 
moved towards the neutral position. A generally- 
known suspension geometry that is designed for 
resetting front wheels to the rectilinear state after a 
vehicle resumes running can be utilized as the 55 
suspension geometry for resetting rear wheels. The 
illustration and detailed description will be omitted. 
When the rear wheel output shaft 302 is moved 
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towards the neutral position as described above, as 
shown in Figures 16 and 17, paired ratchet pawls 
324a and 324b engage with the ends of the ratchet 
gears 323a and 323b. Then, when the ratchet gear 
323b and ratchet pawl 324b engage to form the 
second unidirectional clutching mechanism 321b, 
the rear wheel output shaft 302 is prevented from 
moving in the other direction beyond the neutral 
position. 

When the rear wheel output shaft 302 deviates 
in the other direction beyond the neutral position, 
on the contrary to the above case, the rear wheel 
output shaft 302 is moved only in one direction 
towards the neutral position by the second un- 
idirectional clutching mechanism 321b. However, 
the rear wheel output shaft 302 is hindered from 
moving in one direction beyond the neutral position 
by the first unidirectional clutching mechanism 
321a. 

Even if the rear wheel output shaft 302 de- 
viates in either direction, the first and second un- 
idirectional clutching mechanisms 321a and 321b 
allow the rear wheel output shaft 302 to move 
towards the neutral position. If failure occurs, there- 
fore, a steering angle applied to rear wheels is 
canceled and the rear wheels are put in a state in 
which no steering angle is applied. 

In the embodiment shown in Figure 16, either 
the first or second electric motor 306a or 306b 
forming a motor-driven actuator fails, the control 
uses the other electric motor 306b or 306a that 
does not fail to return the rear wheel output shaft 
302 to the neutral position. Thus, a steering angle 
applied to the rear wheels is canceled. At this time, 
the electromagnetic clutch 309a or 309b of either 
the electric motor 306a or 306b is disconnected if 
necessary, so that the other electric motor 306b or 
306a will rotate smoothly (the faulty electric motor 
306a will not interfere with the rotation of the other 
electric motor). 

The first and second speed reducers 320a and 
320b are characteristic of low reverse transmission 
efficiencies. When either the electric motor 306a or 
306b fails, if either the rotation axis 315a or 315b 
does not rotate, the other electric motor 306b or 
306a uses a little force to return the rear wheel 
output axis 302 to the neutral position. Unless the 
electric motor 306a or 306b fails to rotate because 
of burning, even when the electromagnetic clutch 
309a or 309b remains connected, the rear wheel 
output shaft 302 can be returned to the neutral 
position. Supposing the electric motor 306a or 
306b fails to rotate because of burning, the rear 
wheel output shaft 302 can be returned to the 
neutral position by disconnecting the electromag- 
netic clutch 309a or 309b. 

With the incorporation of the first and second 
unidirectional clutching mechanisms 321a and 
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321b, the rear wheel output shaft 302 forming a 
four-wheel steering system of the present invention 
need not have a centering spring for resetting the 
rear wheel output shaft 302 to the neutral position. 
Alternatively, a centering spring with weak elasticity 5 
will do. Therefore, when the rear wheel output shaft 
302 is displaced to apply a steering angle in a 
normal state, a large force is unnecessary to over- 
come a large elasticity of a centering spring. This 
means that the first and second electric motors io 
306a and 306b need not provide very large out- 
puts. When a vehicle is running rectilinearly, if the 
rear wheel output shaft 302 must be held at the 
neutral position, the first and second canceling 
mechanisms 322a and 322b are deactivated so that 75 
the ratchet pawls 324a and 324b will engage with 
the ends of the ratchet gears 323a and 323b. This 
hinders displacement of the rear wheel output shaft 
302 in the axial direction. 

In the embodiment in Figure 16, similarly to the 20 
previous embodiment, the reverse transmission ef- 
ficiencies of the first and second speed reducers 
320a and 320b are suppressed low. Only when the 
first and second electric motors 306a and 306b 
operate similarly (rotate to displace the rear wheel 25 
output shaft 302 by the same quantity in. the same 
direction), the rear wheel output shaft 302 is dis- 
placed in the axial direction. Therefore, even if 
either the electric motor 306a or 306b runs abnor- 
mally, the rear wheel output shaft 302 will not be 30 
displaced abruptly. 

To be more specific, either the electric motor 
306a or 306b runs abnormally, as far as the other 
electric motor 306b or 306a operates normally, the 
speed reducer 320b or 320a of low transmission 35 
efficiency will not cause the worm 312b or 312a of 
the other electric motor 306b or -306a to rotate. 
Therefore, the rear wheel output shaft 302 will not 
move. Consequently, the rear wheel output shaft 
302 will not apply a steering angle to the rear 40 
wheels abruptly. 

The control always monitors the output signals 
of the encoders 31 1a, 311b, 319a, 319b, and 328. 
If an abnormal steering angle is likely to be applied 
to the rear wheels, the control resets the rear wheel 45 
output shaft 302 to the neutral position right away. 
Then, the control disconnects the electromagnetic 
clutches 309a and 309b, and de-energizes the so- 
lenoids 326a and 326b. As a result, the first and 
second unidirectional clutching mechanisms 321 a 50 
and 321b engage as shown in Figures 16 and 17 to 
hold the rear wheel output shaft at the neutral 
position. No steering angle is applied to the rear 
wheels. Thus, the automobile can be steered in the 
same manner as an auto in which a normal two- 55 
wheel steering system is incorporated. 

When the power supply of the four-wheel 
steering system fails, if both the first and second 



electric motors 306a and 306b fail to rotate, the 
solenoids 326a and 326b are deenergized. At this 
time, the rear wheels are, as described previously, 
moved towards their neutral positions due to the 
geometry of the suspensions mounted on the rear 
wheels. For smooth cancellation of a steering angle 
applied to the rear wheels, it is preferred that the 
electromagnetic clutches 309a and 309b placed 
between the output axes 307a and 307b and the 
transmission axes 308a and 308b be connected 
only in a conducting state. 

In the aforesaid embodiment, an electric four- 
wheel steering system uses motor-driven actuators 
to apply a steering angle to rear wheels. The 
present invention can apply to a hydraulic four- 
wheel steering system in which hydraulic actuators 
are employed to apply a steering angle to rear 
wheels. 

A four-wheel steering system of the present 
invention is configured and operates as described 
above. Therefore, if failure occurs, a steering angle 
applied to rear wheels can be canceled reliably. 
Furthermore, compact and low-output actuators can 
be employed as components of the four-wheel 
steering system. Therefore, manufacturing cost can 
be minimized, locations of installing actuators can 
be selected more freely, and thus a four-wheel 
steering system can be designed more simply. 

Even if an actuator runs abnormally, it is reli- 
ably prevented that a steering angle is applied to 
rear wheels abruptly. Thus, high safety is ensured. 

Claims 

1. An electric four-wheel steering system, com- 
prising: 

a rear wheel output shaft for applying a 
steering angle associated with a quantity of 
displacement in the axial direction to rear 
wheels; 

a first electric motor; 

a first speed reducer placed between the 
first electric motor and said rear wheel output 
shaft to displace said rear wheel output shaft in 
the axial direction when said first electric motor 
conducts; 

a second electric motor; 

a second speed reducer placed between 
the second electric motor and said rear wheel 
output shaft to displace said rear wheel output 
shaft in the axial direction when said second 
electric motor conducts; and 

a control for controlling said first and sec- 
ond electric motors and allowing said electric 
motors to displace said rear wheel output shaft 
in the axial direction; 

said first and second speed reducers be- 
ing characteristic of reverse transmission effi- 
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ciency or efficiency in transmitting the move- 
ment of said rear wheel output shaft to said 
first and second electric motors that is lower 
than forward transmission efficiency or effi- 
ciency in transmitting the rotations of said first 5 
and second electric motors to said rear wheel 
output shaft. 

2. An electric four-wheel steering system, com- 
prising: w 

sensors for detecting factors affecting the 
degree of a steering angle to be applied to 
rear wheels, 

controls for inputting signals from said 
sensors and outputting control signals; and 75 

motor-driven actuators for applying a 
steering angle to said rear wheels according to 
said control signals; 

said controls being arranged in parallel, 
and each having a plurality of control param- 20 
eter calculating means for receiving signals 
from said sensors and calculating said control 
signals, and a comparing and selecting means 
for comparing said control signals sent from 
said control parameter calculating means, and 25 
sending said control signals to said motor- 
driven actuators only when said control signals 
sent from said control parameter calculating 
means have equal values. 

30 

3. An electric four-wheel steering system accord- 
ing to claim 2 wherein said motor-driven ac- 
tuators are formed with a plurality of motor- 
driven actuators, and a steering angle is ap- 
plied to said rear wheels only when the plural- 35 
ity of motor-driven actuators operate similarly. 

4. An electric four-wheel steering system, com- 
prising: 

at least two systems of factor sensors for 40 
detecting factors affecting the degree of a 
steering angle to be applied to rear wheels; 

at least three systems of rear wheel steer- 
ing angle sensors for detecting a steering an- 
gle applied to said rear wheels; 45 

at least two systems of controls for input- 
ting signals from said systems of factor sen- 
sors and said systems of rear wheel steering 
angle sensors and outputting control signals; 
and 50 

a plurality of motor-driven actuators for 
applying a steering angle to said rear wheels 
according to the control signals sent from said 
controls; 

said controls using other system of a faulty 55 
component to reset said rear wheels to the 
neutral positions. 
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5- An electric four-wheel steering system includ- 
ing a front wheel steering angle sensor for 
detecting a steering angle applied to front 
wheels, a control for calculating a steering an- 
gle to be applied to rear wheels using the 
signal sent from said front wheel steering an- 
gle sensor, and outputting a command signal 
based on the result of the calculation, motor- 
driven actuators, and a battery for supplying 
power to said motor-driven actuators, compris- 
ing: 

a supply voltage detecting means for de- 
tecting the voltage of the battery and supplying 
the detected signal to said control; 

said control assessing the signal repre- 
senting the voltage of said battery sent from 
said supply voltage detecting means, enabling 
application of a large steering angle to said 
rear wheels when said voltage is high, enabling 
application of a small steering angle to said 
rear wheels when said voltage is a little low, 
and disabling application of a steering angle to 
said rear wheels when said voltage is very low. 

6. An electric four-wheel steering system includ- 
ing a rear wheel output shaft for applying a 
steering angle associated with a quantity of 
displacement in the axial direction to rear 
wheels, and actuators for displacing said rear 
wheel output shaft in the axial direction, com- 
prising; 

a first unidirectional clutching mechanism 
placed between said rear wheel output shaft 
and a stationary section, and allowing said rear 
wheel output shaft to move towards the neutral 
position but hindering said rear wheel output 
shaft from moving in one direction from the 
neutral position when said rear wheel output 
shaft deviates in one direction from the neutral 
position; 

a first canceling mechanism for deactivat- 
ing said first unidirectional clutching mecha- 
nism and allowing said rear wheel output shaft 
to move freely; 

a second unidirectional clutching mecha- 
nism placed between said rear wheel output 
shaft and said stationary section, and allowing 
said rear wheel output shaft to move towards 
the neutral position but hindering said rear 
wheel output shaft from moving in the other 
direction from the neutral position when said 
rear wheel output shaft deviates in the other 
direction from the neutral position; 

a second canceling mechanism for deacti- 
vating said second unidirectional clutching 
mechanism and allowing said rear wheel out- 
put shaft to move freely; and 

a control for controlling said actuators and 
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said first and second canceling mechanisms; 

said control activating said first and sec- 
ond canceling mechanisms during normal op- 
eration, so that said first and second unidirec- 
tional clutching mechanisms will not hinder dis- 5 
placement of said rear wheel output shaft, and 
deactivating said first and second canceling 
mechanisms when failure occurs, so that said 
first and second unidirectional clutching 
mechanisms will restrict displacement of said io 
rear wheel output shaft. 
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